We have measured aural canal (core) 
Surgical patients often become hypothermia After the initial rapid central hypothermia caused mainly by redistribution of body heat within the body, the subsequent linear decrease in core temperature is the result of heat loss [1] . The most severe consequences of intraoperative hypothermia occur during the recovery period when patients awake and their thermoregulatory centres identify a discrepancy between the set point and input from the afferent sensors [2] .
The provision of thermoneutxality during anaesthesia and surgery has metabolic and physiological advantages, particularly for those patients at risk, such as the elderly, and those with cardiorespiratory and metabolic disorders. Intraoperative normothermia has been shown to provide better peripheral perfusion with decreased systemic vascular resistance, stable oxygen consumption and less adrenergic stimulation during the immediate recovery period [3] .
Most preventive methods aim to reduce the temperature gradient between the patient's core temperature and his immediate environment. Active warming of central organs (heated water humidifier, oesophageal heat exchanger, i.v. fluid wanner) may attenuate, to some extent, the progressive reduction in core temperature [4, 5] . Another approach is to insulate the patient from radiant and convective heat losses [6] .
The purpose of this study was to evaluate the efficacy of cutaneous passive and active warming devices in preventing reduction in body temperature in a group of elderly patients undergoing hip surgery in a controlled environment.
PATIENTS AND METHODS
We studied 45 patients undergoing elective hip arthroplasty for osteoarthritis in an investigation approved by the Ethics Committee of the hospital, and informed consent was obtained from all subjects. Patients who were grossly obese or malnourished or who had endocrine abnormalities or pyrexia were excluded.
Premedication comprised papaveretum 15-20 mg i.m. and hyoscine 0.2 mg i.m. administered 60 min before surgery. General anaesthesia was induced with thiopentone and neuromuscular block was produced with vecuronium.
The lungs were ventilated with a mixture of 70 % nitrous oxide in oxygen supplemented by enflurane (inspired concentration was set at 1.5%). Normocapnia was ensured by monitoring the end-tidal concentration of carbon dioxide. After induction of anaesthesia, the patients were allocated randomly to three groups (« = 15, each group): group 1 acted as a control, with no form of intraoperative warming; group 2 had a metallized plastic garment (Thermolire, Techstyles, USA) covering the head, upper limbs, exposed parts of the trunk and the nonoperated lower limb (passive warming group); and group 3 had a convective warm air blanket (BairHugger, Augustine Medical, USA), set at 43 °C, spread over the trunk, upper limbs and head (active warming group). In the latter forced air system, warm air flows from the slits provided in the blanket. The heater includes a 400-W heating element with a microprocessor-based temperature controller set at a maximum of 43 °C and a hose connecting the heat source output to the disposable plastic-paper quiltlike blanket.
All patients received an i. v. infusion of Hartmann's solution (at ambient temperature) at a rate of 6 ml kg" 1 h" 1 . Blood was warmed to 37 °C before infusion.
Anaesthesia and surgery commenced mid-morning and the operations were performed in a designated orthopaedic theatre with controlled laminar flow, where relative humidity was maintained at 40-50% and ambient temperature at 19-21 °C. All patients were in the supine position and covered with a gown and standard sterile drapes. The skin was cleaned with chlorhexidine at room temperature and the operating site was washed with sterile water warmed to 40 °C. At the end of surgery and anaesthesia the passive and active warming devices were removed and the patients were transferred in their own bed to the recovery area, covered with one cotton sheet and one blanket. Ambient temperature in the recovery area was 23-25 °C. Pain relief after surgery consisted of papaveretum 15-20 mg i.m. when needed.
Temperature measurements
Before induction of anaesthesia a thermocouple probe (Mono-a-therm, Mallinckrodt) was inserted under direct vision in the aural canal and secured well with cotton wool to avoid drafts. This site was chosen because it is representative of core temperature, is well tolerated by the awake patient and correlates well with tympanic and oesophageal temperatures. The probe and thermometer were calibrated in the temperature range 30-40 °C and were accurate to 0.1 °C. Skin temperature was measured using the infrared radiation thermometer [7] at five sites (dorsal aspect of the non-dominant hand, lateral aspect of the arm, nipple, ventral surface of the mid-thigh and the lateral aspect of the calf). These skin recording sites were marked on the non-operated limb. Core and skin measurements were obtained before induction of anaesthesia, at the end of anaesthesia and surgery, and 1 and 2 h during recovery.
Mean skin temperature was derived using Ramanathan's four-point formula [8] : 0.3 (nipple temperature + arm temperature) + 0.2 (thigh temperature + calf temperature). Mean body temperature (MBT) was calculated using the formula of Colin and colleagues [9] : 0.66 (core temperature)+ 0.34 (mean skin temperature). Mean body heat content (MBH, kj) was then corrected for body weight (BW) [10] : MBT x 0.83 x 4.18 x BW.
Statistical analysis
The core and hand temperatures measured, and the calculated data for mean skin temperature and MBH at each period were grouped, and mean values, range and SD were derived for each group. The changes in core, mean skin and hand temperatures, and MBH were calculated at the following times: before induction of anaesthesia to after surgery and during the first 1-2 h of recovery. The treatment groups were compared using one-factor analysis of variance. The assumptions that the residuals were normally distributed and the equality of residual variances were tested using the Shapiro Wilks W test and Schweders test, respectively. The KruskalWallis test was used whenever these assumptions were not met. Differences were considered statistically significant when P < 0.05.
RESULTS
There were no complications with both methods of warming patients. The three groups were comparable in age, sex distribution, body weight and height, duration of surgery and operating theatre temperature (table I) . Blood was administered to five patients in the control group (mean 748 (SD 154) ml), to seven in the passive warming group (865 (74) ml) and to seven in the active warming group (801 (173) ml).
Core, mean skin and hand temperatures, and calculated MBH during the four periods are presented in figure 1. There were no differences in all temperatures measured between the three groups at induction of anaesthesia. The changes in core, mean skin and hand temperatures, and body heat content are presented in table II. Aural canal temperature decreased during surgery in the control and passive warming groups by 1.5 and 1.1 °C, respectively, while the decrease in the active warming group was 0.3 °C (P = 0.0001). Between die first 1 and 2 h after operation, the change in core temperature in the latter group was small, while the control and passive warming groups regained almost all the lost temperatures (1.3 and 0.7 °C, P = 0.0001).
Mean skin temperature decreased during surgery in the control group by 1.0 °C and in the passive warming group by 0.3 °C. In contrast, there was an increase of 0.6 °C in the active warming group. The difference between the three groups was significant (P = 0.002). Rewarming in the three groups after surgery was rapid and there were no differences between them.
Hand surface temperature decreased in the control group by 0.5 °C, increased significantly in the active warming group and no change was observed in group 2, indicating that passive insulation kept the hand reasonably warm. The difference between the groups was significant (P = 0.0001). Postoperative changes in hand temperature were similar for the three groups (P = 0.3).
MBH content, calculated from mean body temperature and corrected for body weight, decreased during anaesthesia and surgery by 287 kj and 185 kj in the control and passive groups, respectively. In contrast, the decrease in the active warming group was minimal (3 kj; P = 0.0001). Between the first 1 and 2 h after operation, mean body heat lost during anaesthesia and surgery was regained in the control and passive warming groups. The difference between the three groups was statistically significant at 1 and 2 h(P = 0.0001).
DISCUSSION
We found that active skin surface warming, achieved with a forced air heating system, provided stable thermal homeostasis during surgery for hip arthroplasry. In contrast, passive insulation of the skin with a metallized plastic blanket was associated with a significant reduction in core temperature and loss of body heat. Exposure to a cold theatre environment, the inhibitory effect of anaesthetic drugs on thermoregulation and decreased metabolic heat production are responsible for a decrease in body temperature during anaesthesia and surgery. Cutaneous losses are the primary determinant of heat balance, with evaporative losses accounting for only 15-20%. The major sources of cutaneous heat loss during surgery occur by radiation and convection [11, 12] . Radiant heat loss is directly proportional to the difference between patient and ambient temperature, while convective heat loss is a function of ambient temperature and the square root of air velocity passing over exposed body surfaces.
Measurement of core temperature does not reliably reflect body heat content, particularly with sudden changes in control of thermoregulation and redistribution of body temperature between the heatproducing core and the outer or shell part [13] .
Five skin surface sites were measured in this study and mean body temperature calculated in order to analyse the effect of the warming device on redistribution of body heat and insulation. The metallized plastic sheet, used in group 2, by passively reflecting cutaneous heat, was reasonably efficient in attenuating the reduction in mean skin temperature. However, the reflected heat was insufficient for effective transfer of energy to the central compartment. As a result, the average core temperature and the calculated mean body heat content decreased during surgery by 1.1 °C and 185 kj, respectively. This implies that while the passive warming device was effective in insulating the body from radiant and convective heat losses, it was unable to arrest the progressive reduction in core temperature associated with anaesthesia and surgery.
In contrast, the forced air warming system applied on the upper part of the exposed body eliminated heat loss by convection and radiation, and actively transferred heat through the skin to the central parts of the body. Consequently, mean skin temperature in this group increased by 0.5 °C throughout surgery and no change occurred in aural canal temperature. Body heat loss was nearly zero.
Normothermia during hip arthroplasty has also been maintained successfully by humidifying and warming inspired gases at 40 °C by means of a heated humidifier [4] . With this method a small increase in mean skin temperature and minimal body heat loss were shown also throughout anaesthesia and surgery, implying that attenuation of body heat loss can be achieved by warming effectively the central compartment. However, airway damage caused by gas temperatures as high as 42 °C has been reported [14] and the humidifier is not always at hand in the operating theatre. The convective warm air system is easy to operate, is effective when it covers one-third of the body surface and has been used successfully in the recovery room to rewarm hypothermic patients [15] .
Any method, whether passive or active, aimed at preventing the progressive reduction in body temperature which occurs during surgery may not be sufficient. Combined measures of actively warming the core and the skin surface need to be implemented when great heat loss is expected [16] . It remains to be seen if the forced heated air system alone could effectively attenuate the body heat loss associated with body cavity surgery.
